Introduction
A knowledge of evaporation processes of liquid metals is of great importance not only from the viewpoint of physical chemistry relating to the phase transition and the atomic interaction in a condensed liquid phase, but also from the viewpoint of industrial technologies concerning the PVD and CVD processes and the purification processes. Therefore, indispensable physical quantities in discussing the evaporation processes, i.e.,
An Equation for the Vapor Pressure of Liquid Metals and Calculation of Their Enthalpies of Evaporation
the values of the vapor pressure and the enthalpy of evaporation, have been measured extensively over the past century for various pure liquid metals. The experimental data for liquid metals have been summarized in some textbooks /1,2/. Theoretical treatment of evaporation has mainly been made from the viewpoint of thermodynamics. On the other hand, some empirical and semi-empirical equations, for example, relationships between ΔΗ ν and σ /3-5/ and between ΔΗ ν and the boiling point 16/, have been proposed for liquid metals. Recently, theoretical evaluations of AH V and ρ for liquid metals from the microscopic point of view and using a thermodynamic perturbation theory have been performed by Minchin et al. ΠI and Waseda et al. /8,9/. The vaporization processes should be studied from various microscopic points of view for a clear understanding of the evaporation processes.
According to the harmonic oscillator model in a lattice theory of liquids, the vapor pressure is expressed in terms of the enthalpy of evaporation and the effective frequency of molecular vibration /10/. Previously, one of the authors proposed a modified Lindemann's equation based on a model theory /11,12/, which gives a simple expression for the effective frequency as a function of the surface tension of liquids. Since ρ is one atmospheric pressure at the boiling point, we can easily calculate the ΔΗ ν value of a liquid metal, provided the value of the surface tension is given.
In this study, an equation for the vapor pressure of liquid metals has been proposed by combining the formula based on the harmonic oscillator model of liquids with the modified Lindemann's equation. Subsequently, the enthalpies of evaporation, ΔΗ ν , of liquid metals are estimated using the equation, and the estimated values of ΔΗ ν are compared with experimental data. The values of ΔΗ ν are also predicted for some liquid metals for which no experimental data to the authors' knowledge have been reported.
Calculation of the Enthalpy of Evaporation
authors /II ,12/ is expressed in the following simple form:
A, Expression for the enthalpy of evaporation using the harmonic oscillator model based on a lattice theory
In the harmonic oscillator model based on a lattice theory of a liquid, it is assumed that the liquid has a quasi-crystalline structure, and that each molecule of the liquid vibrates about a lattice point, i.e., a position of minimum potential energy, as an isotropic three-dimensional harmonic oscillator with the effective frequency, v. According to this model, one can describe the partition function and the chemical potential of the liquid. When the liquid is in equilibrium with its vapor at temperature, T, the vapor pressure, p, is given by /10/ ν = 6.8 χ 10
where Μ is the molecular weight (M=Nm). It should be noted that Eq. 2 would be applied to liquids in temperatures ranging from their melting points to their boiling points and that the microscopic physical quantity, v, is replaced by macroscopic quantities, i.e., σ and M. By using Eq. 2, we can easily evaluate ν for pure liquid metals, provided their values of σ are given.
By combining Eqs. 1 and 2, we obtain the following equation for the vapor pressure of liquid metals:
where m is the molecular mass. To evaluate the value of ΔΗ ν from Eq. 1, an appropriate and ingenious determination of ν is the most important.
B. Evaluation of the Effective Frequency, ν
There have been several approaches to evaluate the effective frequency of the characteristic frequency of liquid metals. In the 1940s, Harashima /13/ evaluated ν for liquid metals from the shapes of the first peaks of the radial distribution functions obtained by X-ray diffraction. Recently, Sinha et al. /14/ determined the values of ν for liquid metals so as to reproduce the experimental results of the first peaks in the structural factors modified by the Debye-Waller factor. Yokoyama and Arai /15/ calculated the values of ν from the equation for the angular frequency of the independent phonon using the Percus-Yevick phonon model. Although these evaluations require X-ray diffraction data and somewhat tedious calculations, the effective frequencies of liquid metals can be evaluated in these ways.
On the other hand, the modified Lindemann equation for pure liquid metal proposed by one of the Eq. 3 can easily be applied to various pure liquids since it does not explicitly contain the molecular weight. Since ρ is one atmospheric pressure, i.e., 1.013 χ 10 5 Pa, at the boiling point, only the value of the surface tension is required for calculating the value of the enthalpy of evaporation of a liquid at its boiling point, ΔΗ ν >
Results and Discussion

A. The enthalpies of evaporation of liquid metals at their melting points
The enthalpies of evaporation of liquid metals at their melting points, ΔΗ ν)Γη , have been calculated using the experimental data of the surface tension, a m , /II/ and the vapor pressure, p m /l/. The subscript m refers to the melting point. The data used for calculating AH v m are given in Table 1 . Fig. 1 shows the comparison between the calculated and the experimental data of ΔΗ ν ,πι· Experi- As mentioned in Section 2B, the enthalpies of evaporation of the liquid metals at their boiling points, AH v ,b, can easily be evaluated from Eq. 3 using only the experimental data of the surface tension, Ob, /12/ extrapolated to the boiling points, Tb, where the subscript b refers to the boiling point. Their values are listed in Table 1. In Fig. 3 Table 2 . Incidentally, extrapolated values for the surface tension, <?b, are also given in Table 1 . Table 2 The predicted values of the enthalpies of evaporation for several liquid metals at their boiling points. 
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